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Earth’s Mantle

Ultramafic rock: composed of >90% mafic (magnesium and
ferric) minerals. Make most of Earth (and other rock planets)
mantle. Most common mineral = olivine (Mg,Fe),SiO,



Where does ultramafic rocks/peridotite forms?
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Relative stability of igneous rock forming minerals during weathering
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Natural Mineral Dissolution Rates
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carbonation rate relative to
rate at 25°C in atmos CO2 saturated water at 1 bar

In situ carbonation of peridotite

(Fe,Mg),SiO, [olivine]+ nH,O + CO, — Mg,;Si,O5(OH), [serpentine] +
Fe;O,[magnetite] + MgCO, [magnesite] + SiO, [silica] + H,(g)
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Raman 3D Map of in-situ carbonation in an olivine-hosted melt inclusion
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Santa Elena
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Active serpentinization/carbonation in the Santa Elena Ophiolite
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The Santa Elena system is sustained by recharge in the raining season
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Calcium in this study has a maximum
reported value for an active
sepentinization system ( of 167 mg/L).

This IS evidence of high
serpentinization rates, making this an
ideal location for determining the
reaction Kinetics of the sepentinization
process and interaction with life.



Active serpentinization/carbonation in the Santa Elena Ophiolite
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|Isotope composition of hyperalkaline fluids is remarkably similar to the GW signal, which

supports the hypothesis that during prolonged dry periods these hyperalkaline springs are
maintained by deep subsurface aquifers recharged during the rainy season.

[Sanchez-Murillo, Gazel, et al., G-cubed 2014]



Active serpentinization/carbonation in the Santa Elena Ophiolite
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Santa Elena’s carbon and oxygen isotope composition of carbonates is within the range
of similar ultramafic-hosted carbonate deposits and suggests that the process of
carbonation is strongly kinetically controlled but could be mediated by life.

[Sanchez-Murillo; Gazel, et al. G-cubed 2014]



Metabolisms related with active serpentinization in Santa Elena

_ . Murciélago Murciélago

Hydrogenophilaceae;

Bacteria Hydrogenophilus Hydrogen oxidation 0.24 0.01 LL
Bacteria Rho?’gE:cc(:izazeae; Hydrogen oxidation Lt 0.02 0.00
Bacteria Cayr::jar?goennaodpa;ae;ae; Hydrogen oxidation 200 19.82 3.21
Bacteria Meth:\llllztg)giteerggceae; Methane oxidation 0.12 U0 0.00
Bacteria Mhejlt:tﬁslk;?)?cet:f’icue;e; Methane oxidation 0.26 0.01 0.01
Bacteria Coﬁgﬁ;?ﬁfﬁae; Methanol oxidation 49.64 L2k 0.70
Archaea Meth?]l?ﬂi?)?ftl?ruenie;Met Methanogenesis L 0.83 0.14
Archaea Mhﬂez?sgr?:s:;\e/irlgzcci:? Methanogenesis L 0.53 0.00
Archaea Methanogt;(j:”aceae; Methanogenesis ookt 3.75 28.87
Archaea M;ﬁ?gigrﬂi‘i?e; Methanogenesis 1.29 4.51 0.00

Methanospirillaceae; 0.01 6 7 0.00

Archaea Methanospirillum Methanogenesis



Model for Active Serpentinization/Carbonation in the Santa Elena Ophiolite
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Carbonation Reaction Rates
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Cost of storing CO,
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e Potential for recovery of strategic metals
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Where in the world we find ultramafic rocks?
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Serpentinite, Staten Island (NY) with carbonate veins




